The study of charmed inclusive semileptonic B meson decays enables the measurement of the CKM matrix element |V cb |. This measurement relies on a precise knowledge of all semileptonic B meson decays. Decays of orbitally excited D mesons, from the process B → D * * ℓν, constitute a significant fraction of these decays [1] , and may help explain the discrepancy between the inclusive B → X c ℓν rate, where X c is a charmed hadronic final state, and the sum of the measured exclusive decay rates [1, 2] . So far, analyses of these decays have focused on the reconstruction of B → D ( * ) πℓν states [3] [4] [5] . In such analyses, experimental data are interpreted as a sum of the four D * * resonances. The results show the dominance of B decays to broad resonances, while QCD sum rules imply the opposite [6] . Conversely, a small contribution from broad D Using the shape of the hadronic mass spectrum in B semileptonic decays, a rough estimate on the branching fraction
is of the order of 10 −3 [8, 9] , which is consistent with the limit set by the AR-GUS Collaboration,
at 90% confidence level [10] . A comparison between this expectation and the actual measurement can confirm or refute the expected rapid decrease of the hadronic mass distribution at high values.
In this paper, we present the observation of 
candidates are formed by combining oppositely charged tracks. To suppress combinatorial background from the D + s reconstruction in the first two decay chains, we employ a feed-forward neural network (multilayer perceptron, MLP [15] ) with three input variables and four hidden layers. The input variables are the absolute value of the difference between the reconstructed and the nominal mass values of the φ/K * 0 candidate [1] , the absolute value of the cosine of the helicity angle of the φ/K * 0 , and the χ 2 probability of the fit to the D Three event-shape variables that are sensitive to the topological differences between jet-like continuum events and more spherical BB events are used as input to a neural network to suppress background from continuum events. These variables are the normalized second FoxWolfram moment R 2 [17] , the monomial L 2 [18] , and the cosine of the angle between the flight direction of the reconstructed B candidate and the rest of the event. A neural network whose input variables are the B candidate mass, the B candidate sphericity, and the thrust value of the rest of the event, is used to reduce the background from other B decays, providing a slight, but not negligible improvement in the sensitivity of the measurement.
After applying these selection criteria, the remaining background events are divided into two classes, depending on whether or not they contain a correctly reconstructed D events have multiple candidates, predominantly two. In such cases, we choose the candidate with the largest B vertex fit probability.
The remaining events are divided into signal regions and sidebands based on the mass of the D 
where E B is the beam energy, corresponding to the energy of the B meson, while E Y and p Y represent the energy and momentum of the Y composite, respectively. Due to its smallness and unknown direction, the momentum of the B meson is neglected. This leads to a distribution for M 2 m with a Gaussian shape for correctly reconstructed signal events. Other B semileptonic decays, where one particle is not reconstructed or is erroneously included, lead to higher or lower values of M 
where M 
with N j the number of events and P(M 2 m,i α j ) the probability density function (PDF) for a given fit slice j (signal region or sideband of each D + s decay chain) with the fit parameters α, and n = j N j the total number of events.
Using MC experiments from a generator, which includes parameterizations of detector performance for signal reconstruction and background expectations, it has been verified that the fit is able to extract signal branching fractions for
Values of fit biases are also determined with this procedure and are taken into account in the analysis. (D1 → d3 d4) for the individual and combined decay chains. The signal yields of each decay chain are computed using N signal and the efficiencies and are given for illustration only. The errors on the signal yields are the fit errors, the uncertainties of ǫreco are the systematic uncertainties and the uncertainties of ǫBR represent the limited knowledge of the branching fractions of the D Fit results are given in Table I . Reconstruction efficiencies for the three decay chains are obtained by counting simulated signal events in the range |M The systematic uncertainties are divided into two categories: additive uncertainties (Table II) are related to the number of extracted signal events, while multiplicative uncertainties (Table III) are related to the calculated branching fraction. The uncertainty due to the D + s daughter branching fractions is quoted separately.
The systematic uncertainty arising from the choice of the D + s background PDF is evaluated using 1000 statistically independent MC experiments. Each experiment corresponds to different values for the two parameters that describe the PDF, M 2 0 and E C , which are distributed according to the error matrix for these parameters. We take the width of a Gaussian fitted to the resulting N signal distribution as a systematic uncertainty. The impact of shape differences between data and MC have been studied, as well as shape differences due to varying compositions of the D + s background, and both found to be negligible. A similar procedure is used to estimate the uncertainty due to using the D + s branching fractions ǫ BR for the combination of the individual channel signal yields. MC samples of ǫ BR are produced for each decay channel using the information of Ref. [1] . This leads to differences in the total number of extracted signal events. The width of a Gaussian fitted to the resulting distribution of signal yields is taken as systematic uncertainty.
The width of the Gaussian PDF of M 2 m for signal, as well as the number of fitted D + s , are varied by ±1σ to evaluate these systematic uncertainties. This approach also takes into account the variation of the width due to a contribution of D * + s to the signal yield. The systematic uncertainty related to the bias correction is given by the statistical uncertainty of the correction.
We evaluate the uncertainty of the signal MC model by calculating the difference of the efficiencies between the alternative signal models and the Goity-Roberts signal MC model. The impact of the finite statistics of the simulated signal sample is deduced from the uncertainty on the efficiency determination. The uncertainty arising from particle identification, as well as from the K 0 S reconstruction, is determined using dedicated high purity control samples for the corresponding particles. Uncertainties arising from track and photon reconstruction, as well as from radiative corrections, are evaluated by varying their reconstruction efficiencies and the energy radiated by photons in the simulation. The uncertainty on the number of B mesons in the data set is determined as described in Ref. [20] and the D + s daughter branching fraction uncertainties are taken from Ref. [1] . A second fit, imposing an N signal = 0 hypothesis, is used to estimate the significance of the measurement. Since the mean of the Gaussian is a free parameter in the signal PDF, the difference in the number of free parameters (∆N DF ) of the fits is larger than one. As shown in Ref. [21] , the resulting probability distribution cannot be approximated by a chisquare distribution with an integer number of degrees of freedom. Thus, only a significance range, representing the significances for ∆N DF = 2 and ∆N DF = 1, is calculated. Including statistical and systematic uncertainties, the ranges are [3.3 − 3.7]σ and [3.5 − 3.9]σ for the electron and muon channel, respectively. Combining both lepton channels results in a significance larger than 5.0σ.
The branching fractions for the individual lepton channels are B(B − → D
